Human and animal wastes have traditionally been used in Asia as sources of fertilizer for fish culture ponds (15) . The use of waste stabilization ponds is common throughout the world. Where land is available, this is the most costeffective method of treating waste (8) . Recent experience demonstrates that the addition of certain species of fishes to specially designed waste stabilization ponds increases treatment efficiency (6, 13) . The possibility that fish raised for market in this manner could transmit disease is a current research concern.
Previous exposure of a host to a pathogenic agent may be detected with serological tests, although an immune response to an antigen is unusually not conclusive evidence of an active infection. Some researchers assert that serological testing can be used to determine whether a food fish presents a public health hazard (10) . The purpose of this research was to examine the primary immune response of a fish to a human pathogenic bacterium and determine the antibody titer in the absence of a viable agent.
Tilapia aurea, an omnivorous, filter-feeding, freshwater fish, was chosen for this research because of its potential for culture in wastewater-fertilized ponds. Although no species of Salmonella has been found pathogenic to fish (14) , fish infected with viable Salmonella organisms may be a vehicle of transmission. To determine the public health significance of an immune response by T. aurea to Salmonella typhimurium, the persistence of serum antibody titer was examined in relation to the period of active infection. 
MATERIALS AND METHODS
Treatment groups. T. aurea used for this research were initially grown in 1-m3 floating cages in a 0.9-ha pond. The pond, located at the Fisheries Research Unit of the Alabama Agricultural Experiment Station, Auburn University, had an average temperature of 30°C. Adult T. aurea used in this experiment weighed approximately 175 g. They were fed a commercial pelleted ration twice daily to satiation.
Four treatment groups of 40 fish each were randomly selected from the T. aurea stock. The first treatment was to test T. aurea directly from the pond environment for Salmonella infection and to serologically establish the natural background antibody titer to S. typhimurium (NalD. S. typhimurium (Nalr) is a virulent strain, resistant to 100 ppm (100 mg/liter) of nalidixic acid (9, 17) . This genetic label allowed us to use isolation procedures to separate inoculated S. typhimurium from other strains.
Treatment group 2 was a control. T. aurea were injected intraperitoneally with 1 ml of a sterile saline solution. Twenty-four hours after inoculation, the fish were placed in floating cages (1 m3) in clear, flowing spring water (average temperature, 20°C) and fed commercial pellets daily.
Fish in treatment group 3 were injected with 1 ml of a suspension containing approximately 3 x 109 heatkilled S. typhimurium inactivated in a water bath at 60°C for 1 h and tested for sterility by inoculation in thioglycolate broth which was incubated for 48 h at 37°C. All media and antisera used were from Difco Laboratories, Detroit, Mich. The fish in treatment group 3 were placed in another cage and treated in the same manner as treatment group 2.
In treatment group 4, S. typhimurium (Nalr) was introduced into the gut of T. aurea to compare the immune response of these fish after 15 (5, 7), bacterial, and viral antigens (5, 12) . The agglutination method used in this research to determine antibody titer is reported to be highly sensitive (1). Sensitivity reduces the probability of false-negative responses. (Fig. 1) .
Bacteriological analysis showed S. typhimurium (Nal') to be isolatable at 15 days but not at 30 days from T. aurea in treatment group 4. The period during which S. typhimurium was cleared from the viscera of these fish is indicated in Fig.  1 . The antibody titer of these fish at 15 days was 211-9 (approximately 1:4,096), an eightfold increase from background antibody titer levels. After 30 days, when the S. typhimurium had disappeared, the titer of fish in treatment group 4 had decreased to 28 8 (approximately 1:512), which still represented a fivefold elevation of titer from normal. Therefore, if a quality control program to detect Salmonella spp. were based solely on serological evidence of infection, the fish in treatment group 4 
